Abstract. Megaselia metropolitanoensis Disney, sp. n
INTRODUCTION
reported that the scuttle fly Megaselia aristolochiae Prado (in Hime & Costa, 1985) (Diptera: Phoridae) develops in the flowers of Aris tolochia labiata Willd. (Aristolochiaceae) in Brazil. We now report three further species of scuttle fly developing in the flowers of two other species of Aristolochia in Pan ama. Two of the fly species are previously undescribed and the male of the third was previously unknown and its generic assignment was considered doubtful. The new species and the hitherto unknown male are described and the generic assigment of the latter resolved.
MATERIALS AND METHODS
The study site was a seasonally dry forest in the Parque Natural Metropolitano near Panama City, Panama. Average annual rainfall at the site is 1740 mm, most of which occurs during the rainy season from May to December. The forest is ~ 80 year-old second growth of 40 m in height.
The phorids reported below were breeding in flowers of Aris tolochia maxima Jacq. and A. inflata H.B.K. (Aristolochiaceae) from October to December in 1999 and 2000. Aristolochia is the most diverse genus of the family Aristolochiaceae with ~ 350 species distributed throughout the world, mainly in the tropics and subtropics. Their zygomorphic flowers are diverse in size, shape and color, but based on the same groundplan (Endress, 1994) . Three sepals of the flower are united into an urceolate trap, in which three parts can be distinguished. The basal part is a chamber (utricle) that encloses the fused styles, stigmas, and anthers (collectively known as the gynostemium). The utricle is connected to a tube ending with an expanded limb, which is often colorful and thought to attract pollinators visually. In A. maxima, the chamber is ~ 3.5 cm x 2.0 cm and the limb is obovate, ~ 4.5 x 3.2 cm, and purple with yellow patches. Most flowers occur on thin stems in the canopy layer, but inflores cences also occur on thick (~ 3 cm in diameter), leafless stems near the ground. A. inflata has smaller flowers with a yellow lim bof~3.6 x 1.7cm andautriclem easuring~1.3 x 1.0cm.
In all Aristolochia species studied so far, flies of different families, including Anthomyiidae, Phoridae, Syrphidae, Chloropidae, Milichiidae and Sarcophagidae, have been recorded as pollinators (Cammerloher, 1923; Petch, 1924; Brues, 1928; Lindner, 1928; Brantjes, 1980; Costa & Hime, 1983; Wolda & Sabrosky, 1986; Hall & Brown, 1993) . On the day the protogynous flowers open, they attract flies and trap them inside the chamber. On the second day, the anthers dehisce and the flies are released with their pollen loads. Although flowers of some species produce a strong smell of carrion or feces, only a faint unpleasant odor is perceptible in A. maxima and A. inflata. In some species nectaries are found on the inner wall of the chamber (Cammerloher, 1923; Costa & Hime, 1983) or at the floral entrance (Daumann, 1959; Vogel, 1998) .
Flowers collected directly from inflorescences and flowers fallen from the forest floor were kept in plastic containers with wet sand for a month or more to obtain adults of the insects breeding in the flowers.
RESULTS
We deal with the taxonomy of the scuttle flies before proceeding to report on their natural histories.
SYSTEMATICS (by R.H. L. Disney)
A key to genera and the literature required for the iden tification of Neotropical Phoridae is provided by Disney (1994) , with only the immediately relevant literature being cited below. Disney, Diagnosis. Mesopleuron bare; costal index > 0.5; scutellum with four bristles, but the anterior pair shorter and finer than posterior pair; hind tibia without differentiated anterodorsal hairs; lower supra-antennal bristles (SAs) shorter and weaker than upper pair; female abdominal tergite 4 not modified; thoracic scutum, subglobose third antennal segment and haltere knob yellow; irons with numerous fine microsetae; costal cilia abour 0.06 mm long; end of costa about level with tip of vein 3; front basitarsus not thickened; and oversall length > 2 mm.
Megaselia metropolitanoensis
Male. Frons broader than long, brownish orange to brown with a darker ocellar triangle, and with 60-80 hairs. Lower SAs at most half as long as upper pair. Upper SAs closer together than pre-ocellars (POs). Antials about level with upper SAs and a little closer to them than to anterolaterals (ALs) or almost equidistant, but ALs distinctly higher on frons. POs level with or slightly lower than mediolaterals (MLs) and range from being closer to each other than to an ML to the reverse. With 1-3 small bristles on cheek and a pair of long bris tles on jowl. Third antennal segment lacks subcuticular pit sensilla (SPS) vesicles. The two segmented palp pale yellow but the distal segment variably lightly tinged brown, with 6-7 bristles (of which 2-3 are longer than rest) and almost twice as many hairs. Yellowish brown labrum with greatest breadth at most 0.6x that of third antennal segment. Darker labella with only a few spinules below. Each side of thoracic scutum with a humeral, two notopleurals (and no cleft), an intra-alar, a postalar and a prescutellar dorsocentral bristle. Scutellum yellowish brown. Legs pale straw yellow apart from brown tip of hind femur. All five fore tarsal segment with a posterodorsal hair palisade. Segment 5 slightly shorter than 3 but longer than 4. Hair palisade of mid tibia extends about 0. 8x its length. Hairs below basal half of hind femur subequal to or slightly shorter than those of anteroventral row of distal half. Hind tibia with 8-10 posterodorsals, the uppermost 3-4 being finer and the last being the longest and most robust. Spinules of apical comb all sim ple. Wing 1.3-1.5 mm long. Costal index 0.51-0.54. Costal ratios 5.1-6.3 : 3.8-5.2 : 1. Costal cilia 0.05-0.06 mm long. Axillary ridge with 3-4 short bristles, the outer most longer than costal cilia. No hair at base of vein 3. Vein Sc not reaching R1. Veins brown, but 7 paler and its basal third only discernible with critical lighting. Mem brane very lightly tinged grey. Abdomen with tergites 1-4 and 6 largely brown but with a variably developed median longitudinal yellow band on 1-4, and T2 and T6 with anterior thirds variably yellow. T5 entirely yellow or with variable patches of brown pigment, especially anter olaterally. With sparse small hairs, which are a little longer at rear of T6, and 3-5 small bristles towards sides of T2. Venter straw yellow with scattered hairs below segments 3-6. Hypopygium brown, with whitish yellow anal tube variably tinged brown in basal half, and as Female. Head similar to male except labrum is 1.2-1.4x as broad as third antennal segment. Thorax as male except anterior scutellars are more obviously bristle like. Legs as male. Wing 1.6-1.7 mm long. Costal index 0.52-0.59. Costal ratios 5.3-6.5 : 4.1-4.6 : 1. Costal cilia 0.06 mm long. Otherwise as male. Abdomen with tergites 1-5 yellow with large brown patches either side of mid line yellow stripe. These patches extend to lateral margins but not to front and hind margins. T5-T6 as Fig. 4 , T6 being entirely brown but with anterior median V-shaped grey notch. Near sides of T2 there are 2-5 small bristles. Otherwise hairs small and sparse, apart from distinctly longer hairs at rear of T6. Venter as male but hairs below tend to be stronger, especially at rear of segment 6; and there are grey bands extending from the brown edges of tergites on 2-5, and segments 6 onwards tend to be gener ally grey. Cerci white, twice as long as broad, and with eight hairs of which a pre-apicalis 1.5x as long as cercus. With finger-like posterolateral lobes on sternum 8 (Fig.  3) . Internally furca as Fig. 2 ; with four rectal papillae; and Dufour's crop mechanism elongated ovoid, with rounded posterior end bearing a small blunt lobe at its tip.
Type locality. Panama, Parque Natural Metropolitano, Panama City.
Type material. Holotype male, Panama, Parque Natural Met ropolitano, Panama City, secondary forest, ex Aristolochia maxima flowers, xi. 2000, S. Sakai (University Museum of Zoology, Cambridge). Paratypes: 4 males, 2 females, same data as holotype.
Etymology. Named after the type locality.
Affinities. In the keys of Borgmeier (1962) this species will run to couplet 55 lead 2 on page 307 or to couplets 83, 85 or 92 lead 1 on page 311. The yellow third antennal segment and haltere knob will distinguish it from the species of these couplets. At couplet 85 M sub flava (Malloch, 1912) is incorrectly stated to have yellow third antennal segments. However, this species was sub sequently redescribed by Borgmeier (1969) . The only subsequently described species running to the same cou plets is M. aristolochiae, which is clearly closely related. However it has brown halteres, a shorter dorsal face of the epandrium and the hairs below the basal half of the female hind femur are only a little differentiated from those of the anterior face.
Megaselia sakaiae Disney, Diagnosis. Mesopleuron bare; costal index 0.47-0.52; scutellum with anterior pair of small hairs and posterior pair of bristles; hind tibia without differentiated anterodorsal hairs; frons with dense, but fine, microsetae; female abdominal tergites normal, uniformly brown and T6 broader than long; costal cilia <0.1 mm long; with only one pair of supra-antennal bristles (SAs); haltere brown; subglobose third antennal segment yellowish brown; hind femur brown; anal tube long and midline length of epandrium very short; palp bristles a little longer than greatest breadth of palp; wing < 2 mm long; and female labrum inflated.
Male. Frons broader than long, brown and with 24-50 hairs. Antials midway between anterolaterals (ALs) and SA bristles or slightly closer to SAs, and level with these bristles or ALs a little higher on frons. Pre-ocellars (POs) closer together than either is from a mediolateral, which is level with POs or a little lower on frons. With 0 or 1 small bristle on cheek and two longer bristles on jowl. Palps yellowish brown to straw yellow, with 5-7 bristles (of which only 1-3 are a little longer than greatest breadth of palp) and half as many hairs. Basal segment not clearly demarcated as in M. metropolitanoensis. Pale dusky yellow to yellowish brown labrum at most two thirds width of third antennal segment. Pale brown labella somewhat short and almost devoid of spinules below. Thorax brown. Each side of scutum with a humeral, two notopleurals (and no cleft); an intra-alar, a postalar and a prescutellar dorsocentral bristle. Mid and hind coxae, femora and tibiae largely brown, those of front leg brownish yellow and tarsi mainly pale yellow. All five fore-tarsal segments with a posterodorsal hair palisade. Segment 5 longer than 3, which is longer than 4. Near dorsal hair palisade of mid tibia extends about two thirds of length. Hairs below basal half of hind femur clearly longer and stronger than those of anteroventral row of outer half. Hind tibia typically with eight differentiated hairs, of which the fifth is stronger than the rest except for the more spine-like last (pre-apical). Spinules of apical only discerned with critical lighting. Membrane only very lightly tinged grey. Abdominal tergites brown with short sparse hairs, which are only a little longer at rear of T6. Venter brown with a few small hairs below segments 3-6. Hypopygium brown with a whitish yellow anal tube, which is variably tinged brown in basal quarter, and as Fig. 5 . Right lobe of hypandrium very short.
Female. Frons similar to male but with 30-62 hairs. With 0-2 cheek bristles. Palps with stronger bristles and twice as many hairs. The orange brown labrum inflated (Fig. 7) , being up to 1.7x as wide as third antennal seg ment. Thorax and legs as male. Wing 1.1-1.4 mm long. Costal index 0.48-0.52. Costal ratios 2.9-5.2 : 2.2-4.7 : 1. Costal cilia 0.06-0.09 mm long. Otherwise as male. Abdominal tergites brown. T5-T7 as Fig. 8 . Venter brown with hairs below segments 3-6, those at rear of 6 being longer than rest. The whitish, lightly tinged brown, cerci short (about 1.6x as long as broad) with eight hairs, the longest being about 2.5x as long as cercus. Brown poster olateral lobes of sternum 8 as Fig. 6 . Internally Dufour's crop mechanism pear shaped, pale and rounded behind; an ovoid sclerotised furca and at least two rectal papillae. Affinities. In the keys of Borgmeier (1962) this species runs to couplet 51 lead 2 on page 309. It differs from M. ferruginosa (Brues, 1912) in having much stronger (upper) SA bristles and lacking small lower SA hairs; and the male has a very much longer anal tube. The male of the subsequently described M. darlingtonae Disney, 1995 also has a much shorter anal tube and has the palp bristles greatly reduced in size. Otherwise M. sakaiae most resembles the subsequently decribed M. aristolochiae. However, the female of the latter has extensive yellow patches on the abdominal tergites. Its male has stronger anterior scutellars, a pair of small lower SA bristles and fewer hairs on the left side of the epandrium. The inflated labrum of the female closely resembles that of the subse quently described M. graminicola (Borgmeier, 1969) , which runs to couplet 50 by virtue of its yellow halteres. It further differs from M. sakaiae in having abdominal tergite 6 longer than broad and strongly tapered towards the rear.
Puliciphora pygmaea (Borgmeier, 1960 ) comb. n. Myrmomyiapygmaea Borgmeier, 1960 It has previously been suggested (Disney, 1994 ) that the genus Myrmomyia Silvestri, 1911 is only doubtfully distinct from Puliciphora Dahl, 1897. The three included species have hitherto been only known in the female sex. The procurement of the previously unknown male of Myrmomyia pygmaea, which is described below, rein forces this opinion.
Borgmeier (I960) provided the most recent diagnosis for Silvestri's genus, and distinguished it from Puliciphora females on the basis of the relatively large eyes and the lack of an alar bristles and its adjacent subcircular, papilla-like, wing vestige. In his description of M. pyg maea he reported six bristles at the rear margin of the tho racic dorsum. However, the slide mounting of females has revealed that adjacent to each of the outer pair of these bristles there is a wing vestige; but it lies largely beneath the surface of the integument and is therefore likely to be overlooked in specimens that are not slide mounted. It follows that the outer pair of bristles must be reinterpreted as being a pair of alar bristles. The wing rudiments, being still largely invisible externally, probably constitute a case of heterochrony. The relatively large eyes not only represent a difference of degree only but are clearly a symplesiomorphy, and therefore of no significance in classification. The male of M. pygmaea (see below) is entirely consistent with the generic diag nosis for Puliciphora, as given by Borgmeier (1963) . It is concluded that the case for treating Myrmomyia as a dis tinct genus cannot be sustained. It is therefore herewith synonymised with Puliciphora. (Syn. n.).
In Borgmeier's (1960) key to Neotropical Puliciphora females P. pygmaea will run to couplet 11 lead 1. It is immediately distinguished from P. coprophila Borgmeier, 1960 by the absence of the posterior part of abdominal tergite 5. The females of P. brachymyrmecis (Silvestri, 1911) comb. nov. and P. nigroflava (Borgmeier, 1958) comb. nov. will both run to couplet 2 lead 1. They are immediately distinguished from P. convexa Borgmeier, 1960 by the lack of abdominal tergite 6. P. brachymyr mecis also lacks the posterior part of T5, in contrast to P. nigroflava. In the females of P. pygmaea there is also no T6 visible externally, but its anterior apodemes are still present beneath the integument. The male of this species is described below.
Male. Frons brown, clearly wider than long, with dense but minute microsetae, and 30-44 hairs. Four subequal supra-antennal bristles (SAs), the upper pair about as far apart as each is from an anterolateral, which is slightly higher on frons. Pre-ocellars further apart than upper SAs and also than either is from a mediolateral, which is a little lower on frons. With two bristles on cheek and 5-7 onjowl. Subglobose third antennal segment brown with a single large SPS vesicle beneath inner face and some times a smaller one (about as large as SA socket) near lower face. Pale brown palps with 5-7 bristles (the apical one being longest) and at least as many hairs. Pale yel lowish brown labrum only about 0.4x as wide as third antennal segment. Labella also pale brown, narrowing apically and with only a few small spinules below. 
NATURAL HISTORY (by Shoko Sakai)

Megaselia metropolitanoensis
The species probably oviposits on flowers of A. maxima only after they have been shed. None emerged from flowers collected from inflorescences. Successful rearings were from those collected from the forest floor. However, no adults were observed in the field. Of 12 individuals that emerged, nine were female.
Megaselia sakaiae
The species was the most abundant insect found in utricles of living flowers of A. maxima and A. inflata. Most were female (375 individuals out of 376 in A. maxima and all of 108 in A. inflata). Movements of flies between flowers mostly occurred from 6:00 to 7:00 in the morning in A. inflata and earlier in A. maxima. M. sakaiae in flowers of the both Aristolochia species were observed to lick nectar secreted from hairs on the inner surface of the utricle. They oviposited on the inner sur face of a floral limb and the inside of a utricle in A. maxima. In A. inflata, eggs were found only inside utri cles, especially on gynostemia. Visits of the species to fallen flowers were not observed.
Larvae seemed to emerge from the eggs within a couple of days. They fed on petals and gynostemia, which gradually changed to black, thus suggesting they were progressively rotting. Under these rearing conditions, they often pupated on the wall of the plastic container or less frequently on rotten flowers. About 15 days after oviposition, adults emerged from puparia in the daytime. The ratio of males of the emerging adults was 46 % (N = 527).
Puliciphorapygmaea
The flightless females were frequently observed on shed flowers of A. maxima and A. inflata on the forest floor, but rarely observed on flowers on inflorescences. They were reared only from flowers collected from the forest floor.
DISCUSSION
The flightless females of Puliciphora pygmaea are probably transported to the fallen flowers of Aristolochia by the males during nuptial flights, as has been reported for other members of this genus of flies (Miller, 1979; Disney, 1994) .
